Scientists have noted changes in the abundance of several species over time, according to Jeffries, but particularly in numbers of fish called winter flounder (Pseudopleuronectes americanus). "Winter flounder is currently down some 96 percent from its all-time high," Jeffries said."These fish once made up 50 percent or more of the inshore fisher's income, but the Narragansett Bay winter flounder population is now a mere vestige of its former glory." The likely culprit? Warming ocean and bay waters.
The winter flounder's rise and fall are part of a "bigger whole that changes continuously," Jeffries believes. "Water temperatures have increased over the past several decades, enabling the sand shrimp (Crangon septemspinosa), which favors warmer waters and so is present in the bay in greater numbers now, to feed on flounder eggs and larvae. Cold water previously excluded this predator during the flounder's reproductive period."Winter flounder have an unusual ability to repopulate estuaries when waters are at extremely low temperatures, a time when most predators are offshore or inactive.
In recent decades, migratory populations have swarmed into Narragansett Bay, drawn by foods not consumed by the diminished winter flounder population. "These visitors increased 20-fold or more, changing the bay's macrofauna from a locally dominated assemblage to one characterized by southern migrants," Jeffries said. The myriad bottom foods that once supported winter flounder are now available for other species, "which may explain increases of lobsters, crabs, squid, and certain fishes."
The winter flounder population recovered briefly after two severe winters (with colder than normal water temperatures in the bay) in the late 1970s, but it has since declined as Narragansett Bay continues to warm over the winterspring period. During the flounder's collapse, scup, a warm-water species, ventured into the bay to take its place. Butterfish, another warm-water migrant, also moved in.
In the past, Narragansett Bay's macrofauna existed in a balance determined largely by winter flounder's ability to spawn in cold estuarine waters. "Narragansett Bay provided a refuge for these fish," Jeffries said, "that no longer exists. The winter flounder population entered the new millennium at less than 10 percent of its former numbers. Against a background of warmer winters, this flounder's future is not promising."
Features

Global spread of microorganisms by ship
Commercial ships have been responsible for the spread of many animal species around the world, but little is known about the extent and potential significance of the transfer by ship of microorganisms, according to Lisa Drake of Old Dominion University (ODU) in Norfolk, Virginia. Drake presented results of recent research on this subject in a session entitled "Bioinvasions."
"Global movement of ballast water by ships creates a long-distance dispersal mechanism for microorganisms," Drake said. "It may be important in the worldwide distribution of microbes, as well as of waterborne diseases." Ships' ballast water, carried for vessel stability, can contain diverse microorganisms and their resting stages.
Drake and her colleagues, who include Greg Ruiz of the Smithsonian Environmental Research Center in Edgewater, Maryland, and Fred Dobbs of ODU, suggest that microorganisms, by virtue of their abundance, metabolic diversity, physiological tolerance, and lifehistory characteristics, have a great capacity to invade new environments. The sheer numbers of microorganisms in coastal waters-combined with the great volumes of ballast water moved annually between ports-indicate that invasion of coastal waters by foreign microorganisms occurs globally on a staggering scale.
Drake presented data on microorganisms delivered to the Chesapeake Bay estuary, site of one of the busiest ports in the United States. She and colleagues collected samples from 68 ships arriving from foreign ports and evaluated microorganisms present in ballast water at the endpoints of transoceanic voyages.
According to Drake, preliminary analyses show that coastal ecosystems are likely to be frequently invaded by microorganisms from ballast water. Previous research by Ruiz, Drake, and others demonstrated that concentrations of bacteria and viruses exceed those reported for other taxonomic groups in ballast water. "The biology of many microorganisms may facilitate invasion," Drake pointed out, "by combining a high capacity for increase, asexual reproduction, and the ability to form dormant resting stages."
Such flexibility allows microbes myriad opportunities for successful colonization of a new area when suitable environmental conditions occur. In addition, the researchers suggest, many microorganisms can tolerate a broad range of environmental conditions, such as varying salinity and temperature, so many sites may be suitable as habitats. "We need to really look at how microorganisms survive in new environments," Drake said, "if we're to gain a full understanding of how big a problem these microbes might present." Take, for example, bacteria like Vibrio cholerae, the organism responsible for human epidemics of cholera. The researchers found it in virtually all of the samples they took when they were measuring the concentration of V. cholerae in ballast water.
This bacterium is a common resident of freshwater and marine habitats, including Chesapeake Bay, where it persists without human contact, according to Ruiz."Should a new genotype arrive in ballast water, however, local conditions might favor its establishment, perhaps thereby creating a threat to human health."
Striped bass predation on Chesapeake Bay crabs
Chesapeake Bay watermen contend that high numbers of striped bass in the bay are causing excessive predation on juvenile blue crabs, thereby reducing total numbers of blue crabs caught, according to Jacques van Montfrans and colleagues at the Virginia Institute of Marine Science in Gloucester Point, Virginia. He presented the results of research on the subject in the session "Essential Fish Habitat."
Van Montfrans investigated striped bass predation on blue crabs occupying seagrass habitats in lower Chesapeake Bay during the fall of 2001. From September through November, blue crabs are at their smallest and are most vulnerable to predators. Submerged aquatic vegetation in the lower Chesapeake is a known blue crab nursery area. Striped bass move into these seagrass beds, van Montfrans said, as water temperatures drop each fall. At that time, other fish predators depart, leaving striped bass, it was presumed, to partake of a veritable crab feast.
"We used a commercial haul seine," van Montfrans explained, "to collect striped bass in six random seagrass beds. Then we determined the average number and size of the crabs the fish consumed and quantified crab densities at these sites." By integrating the resulting data with seagrass aerial cover, overall predation impacts by striped bass were estimated at 73.5 million crabs, or 4.6 percent of the 1.6 billion blue crabs thought to occupy this seagrass habitat. "So it turns out that predation impact on blue crabs residing in seagrass beds during fall is relatively low in Chesapeake Bay, though annual population-level impacts remain uncertain," van Montfrans concluded. Croaker and red drum, two other fish predators of blue crabs in lower Chesapeake seagrass beds, were found to eat but a fraction of the crabs ingested by striped bass. Some 306,000 blue crabs were taken by croaker and 12,000 by red drum.
Other investigators, Vincent Guillory and Paul Prejean of the Louisiana Department of Wildlife and Fisheries, have researched the related question of red drum predation on blue crabs, van Montfrans said. Conclusions were that, although red drum are opportunistic predators whose diet is influenced by local and seasonal availability of prey, blue crabs were the single most important food item for these fish. In Gulf of Mexico estuaries, blue crab commercial landings declined during the mid-1990s, as red drum abundance increased. Commercial crab fishers in that region suggested that increased red drum predation adversely affected blue crab populations in Louisiana. Similar to the controversy over striped bass predation on blue crabs in Chesapeake Bay, fishers' concerns often were based on anecdotal reports and the assumption that if red drum numbers decreased, an increase would be seen in numbers of blue crabs. But unlike results from the Chesapeake Bay study, in Louisiana the number of blue crabs consumed by red drum is indeed a high percentage of the total population.
Adaptive rehabilitation of estuarine ecosystems: Is science up to the task?
Adaptive management is an approach to managing ecosystems in which "learning by doing" are the key words. Adaptive management involves much more than simply better ecological monitoring and more timely responses to unexpected management impacts, explained Donald Boesch, president of the University of Maryland Center for Environmental Science, during the session "Restoring and Rehabilitating Estuarine Environments: Is Adaptive Management the Answer?" Adaptive management should begin, Boesch said, with an effort to integrate existing scientific information into dynamic models that attempt to make predictions about the impacts of alternative management policies, in essence, "treating management as experimentation."
Adaptive management requires "learning as you go, and emphasizes accounting for outcomes," Boesch said."Science serves as a compass providing both initial direction and midcourse corrections. Adaptive management is being increasingly embraced in the protection and rehabilitation of estuarine ecosystems." Boesch offered examples of adaptive approaches that are being or could be applied to estuaries like Chesapeake Bay, Florida Bay, Tampa Bay, the Mississippi Delta, San Francisco Bay, and the Columbia River.
"However," he noted, "strong adaptive management has seldom been successfully implemented, most likely because of the lack of a sustained commitment to environmental monitoring, [which is] the basis for next steps." If the scientific community is to contribute effectively to adaptive management, Boesch believes, it must greatly improve the relevance and timeliness of environmental monitoring and integrate observations and hypothesis-driven research with management-relevant predictions. "Are we ready?" he asked.
One answer came from another speaker in the same session, Nick Aumen of the US National Park Service's Everglades Program Team. Aumen and colleagues have applied adaptive management to Florida Bay. "It's an important ecosystem likely to be affected by Everglades restoration efforts," he said.
Aumen is involved in the Comprehensive Everglades Restoration Plan (CERP), a state and federal government effort to restore more natural hydrology to south Florida's wetlands and estuaries over the next three decades. "Adaptive management is what links science and ecosystem restoration in CERP," Aumen said. Nine models that link ecosystem stressors to ecosystem health provide CERP's backbone. These stressors, Aumen explained, will be monitored throughout the course of restoration to ensure desired outcomes. Eelgrass is most common in salty waters, but it can tolerate salinities down to about a third of that of seawater, Tanner explained. Unlike widgeon grass, which grows best in summer, eelgrass does well in the cooler temperatures of fall and spring, dying back during the summer months. "Eelgrass provides one of the most important habitats for both juvenile and adult blue crabs," Tanner said."Molting crabs often hide from predators in eelgrass meadows." Eelgrass is also a favorite food of many waterfowl species and provides a substrate upon which bay scallops and other animals settle.
"Unfortunately, eelgrass is no longer found naturally in the St. Mary's River," Tanner reported,"but there is hope: This estuary is the target for several eelgrass restoration projects."Attempts to restore eelgrass to the St. Mary's River began in the fall of 1996. Though these initial efforts failed, Tanner has had success with small test plots planted in the fall of 1999 near the mouth of the river. Tanner's recent work with Davis involves determining the feasibility of large-scale eelgrass restoration in the lower Potomac River. "The goal of this project," he said, "is to offset damage done to Potomac River SAV [submerged aquatic vegetation] 
